Profound memory loss is a rare but serious complication of temporal-lobe surgery for the relief of medically intractable epilepsy. This paper examines the characteristics of the patients who have been reported to become amnesic following temporal-lobe surgery over the last four decades. The critical role of the hippocampi in memory function are implicated in autopsy studies and MRI investigations, but these cases suggest that a range of memory impairments result from bilateral hippocampal damage, rather than a pure amnesic syndrome in every case. There is some evidence that bilateral structural hippocampal abnormalities may not necessarily be associated with significant memory problems, if these abnormalities have a developmental basis. However, whilst not necessarily profound, any post-operative deterioration in memory function remains a significant consideration in the presurgical evaluation of temporal-lobe epilepsy patients,
factors in its causation', factors which had apparently been 'abundantly proven'. Given these notions of aetiology it is perhaps not surprising that a variety of noncerebral surgical treatments were carried out. These ranged from relatively benign practices, the removal of rotten teeth, a splinter from under the thumb or a foreign body from the ear, to the outright mutilation of patients through castration/clitoridectomy, nerve stretching, burning and the amputation of limbs. All of these procedures reportedly cured the unfortunate patients although Dr Joseph Price, reviewing the literature, leaves the 'exact percentage for someone to calculate who has a greater taste for such work than himself' ! In stark contrast to this intrepid approach to surgery and laissez-faire attitude to reporting the outcome, Victor Horsley in the same year presented his paper The origin and seat of epileptic disturbance. Horsley conveyed his belief that epileptic seizures could only originate in the brain, not apparently with captivating rhetoric and moral zeal but with the 'measured tread of the cautious experimenter". He stressed that only by the careful examination of diagnosis, surgical procedure and outcome could any progress in epilepsy surgery be made. Even a cursory examination of the literature that has emerged in the century since he presented his paper proves him correct.
During the first half of this century the primary rationale behind epilepsy surgery continued to be the removal of post-traumatic lesions. Just as the development of aseptic techniques, anaesthesia and improved concepts of cerebral function underpinned Horsley's enterprises, so the next paradigm shift in the surgical remediation of epilepsy awaited the refinement of electrophysiological techniques. Although electrical activity had been recorded from animal brains as far back as 1875, the electroencephalogram was not applied to humans until 1933. Three years later neurophysiologists were able to delineate the patterns related to epilepsy. In the late 1930s Penfield became one of the first to operate on the evidence of EEG evidence alone. In the early 1950s Bailey joined him in operating on patients with a clinical diagnosis of complex partial seizures on the basis of EEG evidence along, with no preoperative evidence of a pathological lesion3.
The next chapter in the history of epilepsy surgery came from the meeting of two fields of medicine in a somewhat unholy alliance. In the late 1940s epilepsy surgeons found they were performing identical procedures to those trying to provide relief for profoundly disturbed individuals with psychotic disorders.
A very different set of circumstances had lead the psychosurgeons to focus on the temporal lobes. The earliest anecdotal reports of bilateral temporal-lobe surgery come from Burckhardt4 who attempted to influence auditory hallucinations by resecting portions of the temporal poles. He was not successful and the technique in humans was abandoned for nearly 60 years. In the interim, however, scientists continued to be interested in the effects of temporal-lobe resective surgery in animals and their findings undoubtedly contributed to the resurgence of interest in human bilateral temporal-lobe excision. In the late 1930s Khiver and Bucy' described 'the most striking behaviour changes ever produced in animals', in the form of a distinct syndrome that followed bilateral temporal-lobe excision, including the uncus and the hippocampus, in the Mucacus Rhesus. These behaviour changes included visual agnosia, strong oral tendencies, an excessive tendency to attend and react to visual stimuli, a remarkable decrease of aggressive behaviour and an increase in sexual activity. Bard and Mountcastle also managed to produce marked behaviour changes in cats by removing the equivalent brain structures. However, far from the 'remarkable decrease in aggressive behaviour' seen in Kltiver and Bucy's primates, the cats became extremely aggressive and savage. These strikingly different results were attributed to the different animals used in each study and a debate on the equivalence of cerebral structures in different species ensued.
With the considerable benefit of hindsight one may argue that the clues are here, as to what was to follow. Bilateral temporal-lobe structures had been implicated in memory functioning as early as 1899 when Bekhterev' presented the autopsy findings of a female patient who had a profound memory impairment as her earliest and most striking clinical abnormality. Her brain showed bilateral softening in the region of the uncus, hippocampus and adjoining mesial temporal cortex'. In a later case study Grutha19 presented the autopsy findings on a woman who presented with profound memory disturbance in the context of a rapid onset, advanced dementia following insulin coma. The autopsy revealed an overall shrinkage of brain tissue, white matter and cortical changes and a total necrosis of both hippocampi. In the light of these studies one might also have pondered how the 'visual agnosia' of Kltiver and Bucy's primates would manifest itself in human behaviour.
However, inspired rather than deterred, Obrador'O performed an experimental bilateral temporal lobotomy on two schizophrenic patients with the aim of modifying their difficult behaviours. One of these unfortunate, but undoubtedly very resilient, patients had already undergone a bilateral prefrontal lobotomy. Following the temporal-lobe surgery both became a little less irritable but Obrador expressed disappointment that the results were not more positive. Despite these less-than-promising initial results, bilateral temporal-lobe surgery became increasingly popular in the following decade. During the 1940s and 1950s the findings from over 40 patients, who had undergone various forms of the surgery, were published. These patients can be broadly divided into two groups. The majority were patients suffering from various forms of psychotic disorder, the primary aim of the surgery being to modify their difficult behaviours. Seemingly undaunted by disappointing results time and again, these interventions represented experimental attempts to recreate some aspects of the Kltiver-Bucy syndrome in humans. A discussion of the behemothic ethical issues surrounding the desirability in reproducing any features of this syndrome in individuals, who by all accounts would not be in a position to give their informed consent, is beyond the scope of this review and has been addressed in both academic circles and popular culture. The second group were people with epilepsy; surgery was performed in this group to remove suspected bilateral epileptogenic foci.
In the former group, the outcome was most frequently reported in terms of the impact of the surgery on the target behaviours. In an unnecessary replication of Burckhardt's 1890 study4, Freeman and Williams' ' performed bilateral excisions limited to the amygdala and the temporal pole on a series of five patients in an effort to influence their auditory hallucinations. Although they appear to have been moderately successful in eliminating or distorting the 'voices' in three of the cases, the procedure had very little effect on the other behaviours associated with the psychoses. The authors report that there were no other modifications of note in the remaining patients. Walker12 reported similarly disappointing results in a series of four patients who remained floridly psychotic following bilateral ablation of the amydaloid nucleus and the uncus. Scoville et al. I3 reported the effects of limited and extensive bilateral temporal-lobe resections that had been carried out in a series of 19 patients in 1950 and 1951 . Two of these patients had epilepsy in addition to their psychiatric symptoms. As in the other studies, the beneficial effects of the surgery on the psychotic symptoms were on the whole, negligible and in some cases make chilling reading. Ironically the best result came from an operative catastrophe. The most improved patient (I.S.) sustained severe damage to the midline from electrocautery causing her to give an immense jerk on the operating table and immediately lose consciousness. Despite a very stormy postoperative period she was successfully rehabilitated back to her home 5 months later. Of the epilepsy patients one (V.M.) continued to have seizures although the frequency and severity was reduced postoperatively. The second epilepsy patient (G.D.) suffered 13 consecutive seizures in the immediate postoperative period but thereafter became fully controlled on her medication. Not with standing the poor postoperative psychiatric outcomes, Scoville and his colleagues continued to perform limited and extensive bilateral temporallobe resections to relieve psychiatric symptoms and severe epilepsy.
AMNESIA IN BILATERAL TEMPORAL LOBECTOMY PATIENTS
In a short paper presented in October 1953, 10 months after M.B.'s surgery and some 6 weeks after H.M. had undergone an extensive bilateral temporal-lobe resection, Scoville remarked that an extensive bilateral hippocampal resection resulted in no marked physiologic or behaviour changes 'with the exception of a very grave, recent memory loss, so severe so as to prevent one patient (H.M.) from remembering the location of the rooms in which he lives, the names of his close associates or even the way to the toilet14'. It is perhaps unhelpful to speculate on the possible consequences for H.M. had M.B.'s amnesia been picked up before his own unfortunate situation prompted a retrospective search for similar cases. However, given the exposure that was to follow, it is somewhat discomfiting that this tragedy was allowed to befall a third patient (D.C.) 8 months later15.
Since that time, the nature of H.M.'s memory deficit has been exhaustively studied'"" and his core neuropsychological features have come to be known as the temporal-lobe amnesic syndrome. In summary, he appears to be unable to learn new information despite normal attention. His ability to retrieve information learnt prior to the surgery is unaffected and his general intellectual function and personality remain intact. A lively debate, supported by a large literature, continues to this day, as researchers endeavour to define the differences and similarities between the temporal-lobe amnesic syndrome and amnesic syndromes arising from other pathological processes, e.g. damage to the diencephalic structures and Korsakoff's psychosis. A full discussion of these issues is beyond the scope of this review (but see Parkin20 and Hore121,22 for reviews, and Aggleton and Shaw2'. For our purposes H.M. remains a landmark case, demonstrating the critical importance of the mesial temporal-lobe structures in memory functioning.
Many of the psychiatric patients who underwent bilateral temporal-lobe surgery continued to experience florid psychotic symptoms postoperatively which precluded any formal memory assessment. We can only estimate the extent of the memory impairment in this group through the hints given in the reports, and in the light of subsequent studies. For example, Po01~~ reported the case study of a schizophrenic patient who underwent a two-stage extensive bilateral temporal lobectomy that extended as far back as the vein of Labbe and included part of the hippocampal gyri. In addition to a variety of abnormal eating behaviours associated with the Kltiver-Bucy syndrome the patient became 'very confused' after the second operation although this confusion appeared to resolve slightly over time. In the same year, Sawa et al.25 reported the outcome of 11 bilateral amygdaloidectomies, carried out on five schizophrenic patients, five people with epilepsy and one person who was described as 'a case of hyperactive idiocy'. In three of the cases an 'erroneous recognition' of both people and objects was recorded postoperatively. Pallais et ~1.~~ reported anecdotal evidence of a disturbance in recent memory in two patients who had undergone a two-stage bilateral temporal lobectomy including resection of the uncus and part of the hippocampus. These disturbances only became apparent after the second operation and their memory for remote events appeared to be intact. Mapses and Marossero'9,27 reported 'a considerable impoverishment of the intellectual patrimony' in a patient who had undergone a radical bilateral temporal lobectomy for the resection of bilateral EEG seizure foci. A year later, Falconer et a[.28 noted that one of the patients in their temporal lobectomy series showed 'a profound disturbance of memory' in the 6 months that he survived the surgery. However, some of the patients were well enough postoperatively to be formally assessed. Scoville and Milner15 reported the results of memory and intelligence tests carried out on 10 patients who had undergone both limited and extensive bilateral medial temporal-lobe resections. They found that all of the patients in the series who had undergone resections extensive enough to damage portions of the hippocampus and hippocampal gyrus displayed a clear and persistent disturbance of recent memory and noted that the extent of the resection seemed to be related to the magnitude of the memory disturbance. H.M. and M.B. had both undergone a particularly radical excision in which the posterior limit of the removal was at least 8 cm from the temporal tips. However, D.C. who was as amnesic as the other two cases had had a more limited resection (5.5 cm removal). To explain their imperfect correlation, Scoville and Milne$ suggested that the extent of resection may have been greater. In the light of his continuing seizures we may speculate that the unresected tissue was not normal and healthy and the limited surgical resection may have effected a complete bilateral removal of function. The extensive resections included the removal of the uncus and the amygdala as well as the anterior two thirds of the hippocampi. The patients (n = 5) who had undergone less extensive resections extending 5-6 cm, including a portion of the hippocampi, also showed fairly marked memory deficits. Although these individuals were able to retain some impression of new people, places and events, they were unable to reliably learn new associations. On formal tests requiring the leaming and free recall of both verbal and visual material their scores were extremely impaired. As with the patients with a dense amnesia, these people appeared to be fully aware of their memory difficulties. Extensive memory deficits were not, however, present in all of the sample. One of the patients in the series, (I.S., described earlier) underwent a less extensive resection (4 cm) which spared the hippocampi but removed the uncut and amygdala. Postsurgically she obtained a superior Wechsler Memory Quotient of 122, despite prolonged psychosis, over 120 electroconvulsive shock treatments and brain-stem damage of an undetermined extent. This finding is concordant with the report of Narabayashi et a1.29 who anecdotally reported no memory disturbances in 21 patients who had undergone a bilateral amygdalotomy, sparing the hippocampus, for the relief of behaviour problems, although no formal testing was carried out in this study.
Analysing the postoperative pattern of memory deficits in the context of the medial temporal-lobe structures which were left wholly or partly in situ, Scoville and Milner" suggested a critical role for the hippocampus in memory functioning. These tindings resulted in two significant changes in neuropsychology and epilepsy surgery practice. First, the era ended with a firm focus on the critical role of the hippocampus in memory functioning. Secondly, manifestly unsuccessful in treating psychotic disorders and with the risk of catastrophic memory impairment, the widespread dissemination of Milner's findings effectively tolled the death knell for bilateral temporal-lobe resections, certainly for the relief of epilepsy and psychiatric symptoms.
With a daring disregard rather than ignorance of Milner's work, bilateral hippocampal resections were still advocated by some fearless individuals some 13 years after the world first learnt of H.M. Go1 and Faibish30 reported four cases who had undergone radical (80-90%) bilateral ablations of the hippocampi for chronic pain. In their discussion of the outcome the authors do not address the memory changes that occurred in their patients beyond claiming that 'certainly, bilaterally extensive hippocampal lesions did not produce the extreme memory deficits described by Penfield, Scoville and Milner'. However, close examination of the text of their paper prompts a different interpretation. Of the four patients, only one survived the procedure by more than 6 months. In the first case, a 27-year-old man who survived the surgery by 4 months, no formal memory testing seems to have been carried out, but following the surgery the patient could not give his full address, the date or the month and could not name the President of the United States. The authors describe another case as having a 'marked memory defect', unable to remember his age. The third case, became extremely confused and manifested marked features of the Kltiver-Bucy syndrome in the 2 months that he survived the procedure. The extent of his manic behaviour did not allow for a formal memory assessment or an informal judgement on his memory functioning. In the final case, the patient demonstrated a drop of 27 Wechsler Memory Quotient points postoperatively compared with preoperatively assessed levels, and showed impairments in both old and recent memories. A decrease in leaming ability was also noted.
With the exception of these occasional maverick attempts at resurrection, the demise of the bilateral temporal lobectomy closed a window of research on the very structure that was so instrumental in its downfall. For the following 3byears, until advances in neuroradiology enabled the in vivo examination of the integrity of brain structures, research on the function of the hippocampi and medial temporallobe structures shifted to studies of the patients with unilateral temporal-lobe lesions, animal studies and autopsy findings from patients who had developed amnesic syndromes prior to the death.
AMNESIA IN UNILATERAL TEMPORAL LOBECTOMY PATIENTS
In contrast to the overwhelmingly negative results obtained from bilateral temporal lobectomies, unilateral temporal-lobe surgery steadily gained recognition as an efficacious treatment for the relief of intractable epilepsy. Unlike its bilateral counterpart in the treatment of psychotic disorders, this surgical treatment was not empirical but was directed towards the removal of an abnormality that could be localized anatomically, and could be objectively demonstrated through EEG records and ictal semiology. Sensitized to the difficulties in memory functioning, caused by the bilateral ablation of the medial temporal-lobe structures, Milner* thoroughly examined these unilateral cases for any sign of memory disturbance. She concluded that: 'Careful testing does reveal mild and highly specific learning disabilities, which vary with the side of the lesion, but generalised memory disorders are rare.' Since that time well over 200 studies have been published examining the nature of these deficits and their relationship to laterality, location and type of lesion (see Tren-" erry et al: Baxendale3' and Jones Gotman"" for reviews). The risks to memory functioning following a unilateral temporal lobectomy (particularly in the language dominant hemisphere) are increasingly recognized and play an expanding role in the surgical decision-making process.
Although it is a rare occurrence, some patients have sustained a severe anterograde amnesic syndrome following a unilateral temporal lobectomy. Penfield and Milner"" were the first to report an amnesic syndrome in two patients who had undergone a left temporal lobectomy. Although both eventually returned to work after the surgery, their memory skills remained grossly impaired. It is interesting to note that both returned to jobs that had a heavy reliance on procedural skills learned preoperatively. A civil engineer (P.B.) was demoted to a draughtsman, as he was too forgetful to handle the administrative side of his work and F.C. returned to his job as a glove cutter. Penfield and Milner34 attributed the amnesia to the presence of an additional lesion in the opposite hippocampal region. Thus when the hippocampus was resected unilaterally the patients were effectively deprived of function bilaterally. Their initial hypothesis was supported by the fact that both patients had an abnormal EEG focus in the right temporal lobe postoperatively. Further hints as to the possible presence of a bilateral lesion comes from the pathological examination of the epileptogenie tissue removed from F.C. The grey matter was yellow and tough and part of the hippocampus occupied a hollow in the lateral surface of the midbrain. Herniation of this sort had been previously reported to occur during birth and was known to frequently produce a bilateral ischaemic lesion of the hippocampal zone. Final confirmation in the case of P.B. came from his autopsy findings. Fourteen years after the surgery, P.B. died from a massive pulmonary embolism. His autopsy revealed destruction of the neurons in the right hippocampus, that in all probability occurred at the time of birth. The thalamic nuclei and other diencephalic structures were all intact bilaterally as was the right amygdala. In their discussion of the autopsy findings Penfield and Mathieson3" suggested that the ability to recall each preceding event, after any diversion, was dependent on the integrity of the anterior half of at least one hippocampus. These findings were concordant with Baldwin's36 report of a generalized memory impairment following a left temporal lobectomy in two cases with bilateral temporallobe EEG abnormalities preoperatively. As in Milners series, gross disturbances in memory did not occur in patients who had a unilateral EEG seizure focus. Walker37 presented four cases described as having 'severe' memory disturbance following a unilateral temporal lobectomy. The first case underwent a fairly extensive (7 cm) right temporal lobectomy. Although there was no detailed pathological report on the resected specimen, resections of the cortex were reported as normal. Following a few early 'blips' in his postoperative course, the patient was successfully rehabilitated to his job in a newspaper kiosk. He remained well for the next 2 years until he was found unconscious, in a coma on the street. Following this incident he became very confused, and was unable to find his way home or continue with his work. Whilst his final condition would certainly seem to constitute an amnesic state, in the absence of a formal assessment it is not clear how 'pure' the syndrome was. Also it is very difficult to ascertain the anatomical basis of this state. The aetiology of the suddenonset coma appears to be critical in this regard as the patient had no memory impairment for over a year following the temporal lobectomy. The second case also underwent an extensive right temporal lobectomy (6 cm). Some confusion and obvious memory impairment was apparent in the immediate postoperative period, although the patient, apparently aware of her deficit 'cleverly circumvented' all attempts at formal testing. A postoperative EEG revealed slow-wave abnormalities over the unresected left temporal lobe. However, the memory impairment clearly resolved over time as the patient was eventually able to return to her job as a manager of a large store. The third case had preoperative bilateral slow-wave activity in both temporal regions with a consistent left temporal spike focus. On this basis he underwent an extensive (6 cm) left temporal lobectomy. Immediately after the surgery he became very confused and developed some paranoid ideas. On his discharge home his family described him as having 'no memory at all'. He was formally assessed 3 years after the surgery and clearly continued to have a severe memory deficit. He could not remember his journey to the hospital or details of his appointment the previous day. He was unable to remember any salient features from a paragraph, immediately after he read it, but his naming, spelling and digit span appeared to be intact. The fourth case did not show any amnesic features following the removal of the anterior 5 cm of the left temporal lobe and the clipping of a large aneurysm along the ocularmotor nerve. She did, however, show a marked deficit in her learning and recall of verbal material. Clearly only one of these patients (case 3) sustained the memory deficit, as a direct consequence of the unilateral temporal lobe excision which was as severe and persistent as those described by Penfield and Milner34. Bilateral abnormalities were indicated in this case in the preoperative EEG records.
In a more recent case, reminiscent of Walkers' case 1, Oxbury et aL3* described a patient who developed a severe amnesic syndrome 8 years after a left temporal lobectomy. The patient remained seizure free, with no significant postoperative change in his memory for verbal or nonverbal material, until a prolonged convulsion, following a head injury sustained 8 years after surgery. He became severely amnesic following a fourth convulsion 16 months later, and died in status epilepticus, 2 years later. A repeat magnetic resonance imager (MRI) scan following the onset of the amnesic syndrome revealed that his right hippocampus was 36% smaller than it had been prior to the prolonged convulsion. Postoperative histology revealed severe neuronal depletion in the CA1 and CA4 subfields of the right hippocampus, together with more recent diffuse damage associated with the cause of death. This case dramatically highlights the way in which postoperative neuropsychological deficits can be affected by ongoing seizure activity.
All of the available evidence from the unilateral temporal lobectomies that have resulted in amnesia seem to provide support for Milners 19668 contention that only patients with bilateral temporal-lobe damage would be liable to become amnesic after a unilateral temporal lobectomy. However, despite this plausible hypothesis some authors questioned the necessary presence of bilateral temporal lesions as an essential prerequisite for global amnesia after temporal lobectomy. A temporary fly in the ointment appeared in the Dimsdale et al.39 report on N.T. This patient densely amnesic following a very extensive right temporal lobectomy. The pre-and postoperative electroencephalogram (EEG), air encephalography, angiography and clinical examination failed to provide evidence of a cerebral lesion on the unresected left side. The authors argued that 'there is no reason to suppose that a bilateral lesion was present'. However, preoperatively N.T. obtained a low-average memory quotient (80) on the Wechsler Memory Scale which was apparently due to her 'poor rate [of] verbal learning and immediate memory for verbal material'. Given the wealth of evidence that has amassed for lateralized memory functions since this study, this pattern of memory difficulties would certainly be considered enough today to suggest the possibility of dominant temporal-lobe disturbance. However, in 1964 some evidence was already beginning to accumulate. Meyer and Yates4' and Milner41q42 had published evidence that left temporal-lobe lesions typically impair the learning, recognition and recall of verbal material. Neglecting this vital piece of the puzzle, the authors suggested that N.T.'s amnesic state resulted from either an unusually large resection, or an 'unusually organised' brain in terms of memory function, analogous to the rare cross lateralization of language function. The histological examination of the surgical specimen was limited due to the small amount of resected tissue available, but no abnormalities were found. N.T. remained profoundly amnesic for the 2.5 years she survived the surgery. At the age of 79, she died as a result of a heart attack. At autopsy pathological changes consistent with a picture of marked left hippocampal sclerosis were found including: 'A severe reduction in the number of pyramidal cells . . . in the CA1 and CA4 subfields. The CA2 subfield was almost completely depleted of neurons with only an occasional cell remaining. Whilst the cells of the CA1 subfield were relatively preserved, the CA3 neurons were present in patches and those of the CA4 were much reduced in number especially posteriorally where very few remained. The granule cells of the dentate facia were also much reduced in number particularly in its dorsal part at all levels anteriorally and posteriorally'43. In addition to the findings in the left hippocampal region, the right mamillary body was very small and contained few neurons. The left mamillary body contained a moderate number of neurons but these were less densely packed than normal. Although it is difficult to accurately determine the age of cerebral lesions, the appearance of these changes at autopsy suggested that they were longstanding and given the immediate onset of the amnesic state following the right temporal lobectomy, it is highly probable that the presence of a sclerotic lesion in the left hippocampus predated the surgery. Whilst the case of N.T. turned out to support rather than disprove Milners contention that bilateral hip-pocampal lesions were necessary to produce amnesia, the case remains important in that N.T. was the first (and to date, only) case to be formally reported, who developed an amnesic state following a temporal lobe resection of the (presumably) nondominant language hemisphere '
The realization of the inadequacy of the available techniques to unequivocally rule out the possibility of bilateral temporal-lobe damage lead to the application of the Wada procedure or sodium amytal test, in the presurgical screening of prospective surgical candidates (Milner et a1.45 . Sodium amytal injected into the brain via the left or right carotid artery temporarily anaesthetizes one hemisphere, enabling the clinician to test the language or crude memory function of the contralateral hemisphere. Whilst the wide application of the sodium amytal test in presurgical programmes has undoubtedly identified some of the patients most at risk of becoming amnesic following a unilateral temporal lobectomy, the reliability and the validity of the test have recently been called into question on a number of counts36,47. However, it is clear that the combination of the sodium amytal test and advancements in neuroradiology and electrophysiology have increased the accuracy of predictions about the functional and structural integrity of the temporal lobe contralateral to the side of the proposed surgery. Despite the introduction of these safeguards and their increasing sensitivity, two more patients have recently been reported to become amnesic following a unilateral temporal Iobectomy.
Rausch et ~1.~~ described a patient who became amnesic following a left temporal lobectomy. A postoperative MRI showed that the nonresected hippocampus was grossly intact, although there was evidence of damage to the internal capsule in the nonresected hemisphere. In a more recent study, Loring et al.49 reported the case of a young man with exclusive right hemisphere language representation who became amnesic following a right temporal lobectomy. The baseline neuropsychological measures were concordant with dominant temporal-lobe disturbance, with a generally impaired verbal memory whilst his memory for visual material was assessed to be intact. Whilst the results of a sodium amytal test indicated right cerebral language dominance, they also suggested the superiority of the right hemisphere in memory functioning.
The neuroradiological and electrophysiological evidence was not clearly lateralizing. His interictal EEGs showed rare epileptiform discharges from the temporal regions without a clear predominance, with only occasional right-sided spike and wave activity. Seven seizures were recorded which all appeared to be clinically similar, with head and body turning to the left, but the onset could not be clearly lateralized with scalp electrodes. The patient subsequently underwent two depth electrode studies (stereotactic electroencephalogram, (SEEG) . In both studies the interictal SEEG showed bilaterally independent mesiotemporal epileptiform discharges. Three clinically similar seizures were recorded in the first study, all with head and body turning to the left. In the first seizure, rhythmic beta activity appeared bilaterally in the mesiotemporal region at the clinical onset of the seizure. In the remaining two, the electrographic seizure evolved in the right hippocampus and spread to the left mesiotemporal region 2 seconds later. The patient underwent three preoperative MRIs. The first suggested possible left temporal horn dilation and mild deep atrophy but this pattern was not found on the two subsequent scans which were reported as normal with no structural abnormalities. The original epilepsy centre deferred a decision on surgery based on the EEG indications of bilateral temporal abnormalities and the absence of a clear structural lesion on the MRI. However, the patient and his family were nothing if not determined and pursued the option of surgery at another centre. The second SEEG study showed two seizures with a clear right mesiotemporal onset and two with an undetermined onset chardcterized by simultaneous changes in the right and left mesiotemporal regions. Despite this, the patient underwent a right anterior temporal lobectomy, involving a 4.5 cm resection of the laterotemporal cortex, with subpial aspiration of the hippocampus to the posterior margin of the cerebral penduncle. Immediately after the surgery a prominent deficit in recent memory was apparent. This anterograde amnesia has persisted for 3 years, although his performance has improved slightly on some psychometric tests, suggesting that his amnesia may not be as severe as that experienced by H.M. However, in everyday functional terms he remains very disabled. His family report that when he goes out, for example for a meal or to the cinema, he will have no recollection of it the following day. Like H.M. he will complete the same word puzzles and crosswords over and over again with no realization that he had previously worked on and completed the same problem. It is perhaps not surprising that there has been no significant reduction in his seizures. A postoperative volumetric MRI revealed a small left hippocampus, well outside the range measured in normal controls. In the control group the left hippocampus was measured as larger than the right. It is unclear which normative values constitute the appropriate comparison, given his right hemisphere 'Ter~ian~~, reported the personal communication of Gastult who described a similar memory impairment following a right temporal lobectomy, but there are no further details. language dominance. However, his left hippocampal volume fell three standard deviations below the norm for the left hippocampus and two standard deviations below the norm for the right hippocampus indicating significantly decreased volume regardless of the comparison group. A volumetric MRI protocol was not available for this patient preoperatively. However, we may surmise that no gross hippocampal asymmetry (greater than around 70%) was present preoperatively as this would probably have been detected by a simple eyeball examination of the standard images. It is possible that this patient had bilateral hippocampal dysfunction, a pattern that would certainly fit the findings from the EEG and SEEG studies. This case report highlights the fact that baseline neuropsychological testing may falsely lateralize material specific memory function in a patient with atypical language representation. A review of those cases that have become truly amnesic following a bilateral or unilateral temporal lobectomy reveals that, without exception, all have some evidence suggestive of bilateral temporal-lobe abnormalities. In many of the cases the evidence implicates a fundamental role of the hippocampi in memory functioning. Patients who became amnesic following a bilateral temporal lobectomy, had surgery that clearly encroached upon a substantial proportion of both hippocampi. Patients with less extensive resections, who were presumably left with some healthy, functioning tissue in both hippocampi showed significant memory deficits, but were not amnesic. The autopsy findings from two patients who became amnesic following a unilateral temporal lobectomy revealed a sclerotic lesion of the unresected hippocampus. A volumetric MRI of the unresected hippocampus in a third patient revealed significant volume loss, probably due to diffuse sclerosis.
An effective way of disproving the fundamental importance of the hippocampus in memory functioning would be to present a case with clearly documented bilateral hippocampal damage and normal memory functioning. Nathan and Smith" presented a patient who was thoroughly examined with psychological tests prior to his death at age 34. No behavioural or intellectual difficulties were found and he had been at the top of his class in school. On autopsy his hippocampi had an abnormal structure and were very small, in addition the fomix and fimbria were completely absent. The abnormality was clearly congenital. This case has two possible interpretations. First an abnormal structure may not necessarily indicate abnormal function. Secondly the brain may be able to relocate memory functions provided the hippocampal insult/abnormality occurs early enough in life. This second possibility has important implications for temporal-lobe epilepsy patients with hip-S. Baxendale pocampal sclerosis associated with cortical dysgenesis, a very early developmental abnormality.
Henke and Wieser 51 also report a case of bilateral temporal-lobe damage without an amnesic syndrome. K.H.J. a 54-year-old patient developed epilepsy at the age of 18. Investigations by MRI revealed bilateral subarachnoid cysts in the temporal fossa which were congenital in origin, and probably formed within the first 2 months of gestation. The lesions compressed both hippocampal formations, the left more than the right. The left hippocampus was laterally displaced by compression, markedly deformed and flattened whilst the left amygdala could not be identified. The right hippocampus was also displaced and slightly compressed. On the left side, the arachnoid cyst measured about 6 x 4 cm whilst on the right it was about 4 x 3 cm. Electroencephalogram telemetry studies suggested a clear-cut temporal focus in the left frontotemporal area. The baseline neuropsychological studies suggested left hemisphere language dominance and a poor memory for nonverbal material. His memory for verbal material was assessed to be intact. However, a selective amobarbital procedure suggested that the memory capacity of the right temporal lobe was adequate to sustain useful memory unilaterally and the patient underwent a selective removal of the compressed and displaced left medial temporal-lobe structures posterior to the cyst. Nineteen months postoperatively his memory for verbal material had declined significantly compared with the levels assessed preoperatively. However, his memory for nonverbal material had improved and was assessed to be intact. He remained seizure free. It is interesting to note that the displaced and atrophic left temporal-lobe structures appeared to support useful memory function, prior to their removal, and that the cessation of frequent seizure activity postoperatively, also appeared to allow the distorted right temporallobe structures to regain adequate function. Again this case suggests considerable plasticity in the developing brain with the possibility of functional rearrangement around the cyst. These rare cases highlight the critical role that the aetiology of an epileptic lesion has in shaping the nature of the associated neuropsychological deficit.
SUMMARY
The temporal lobes have long been associated with memory functioning. In the latter half of this century, research has focused on the critical role of the hippocampus results in a severe amnesia whilst less extensive resections lead to less profound memory difficulties. The importance of the role of the hip- 
